Mass spectrometric detection of tyrosine sulfation in human pancreatic trypsinogens, but not in tumor-associated trypsinogen.
Trypsinogen-1 and -2 are well-characterized enzymes that are expressed in the pancreas and also in several other tissues. Many cancers produce trypsinogen isoenzymes that differ from the pancreatic ones with respect to substrate specificity and isoelectric point. These tumor-associated trypsinogens play a pivotal role in cancer progression and metastasis. The differences between these and the pancreatic isoenzymes have been suggested to be caused by post-translational modification, either sulfation or phosphorylation of a tyrosine residue. We aimed to elucidate the cause of these differences. We isolated trypsinogens from pancreatic juice and conditioned medium from a colon carcinoma cell line. Intact proteins, and tryptic and chymotryptic peptides were characterized by electrospray ionization mass spectrometry. We also used immunoblotting with antibody against phosphotyrosine and N-terminal sequencing. The results show that pancreatic trypsinogen-1 and -2 are sulfated at Tyr154, whereas tumor-associated trypsinogen-2 is not. Detachment of a labile sulfogroup could be demonstrated by both in-source dissociation and low-energy collision-induced dissociation in a tandem mass spectrometer. Tyrosine sulfation is an ubiquitous protein modification occurring in the secretory pathway, but its significance is often underestimated due to difficulties in its analysis. Sulfation is an almost irreversible modification that is thought to regulate protein-protein interactions and the activity of proteolytic enzymes. We conclude that the previously known differences in charge, substrate specificity and inhibitor binding between pancreatic and tumor-associated trypsinogens are probably caused by sulfation of Tyr154 in pancreatic trypsinogens.